Goals and Background: Predicting the risk of flare-ups for patients with inflammatory bowel disease (IBD) is difficult. Alterations in gut endothelial regulation of mucosal immune homeostasis might be early events leading to flares in IBD. Cell adhesion molecules (CAMs), in particular, are important in maintaining endothelial integrity and regulating the migration of leukocytes into the gut.
I
nflammatory bowel disease (IBD), which includes Crohn's disease (CD) and ulcerative colitis (UC), is immune-mediated and characterized by chronic inflammation of the intestinal mucosa. The pathogenesis of inflammation in IBD remains to be elucidated, and the disease course is often difficult to predict. However, studies have suggested multiple mechanisms that may contribute to the development of inflammation. 1 Among these proposed mechanisms, the endothelium of the gut may play an important part due to its active role in mucosal immune homeostasis.
One of the means by which the gut endothelium regulates mucosal immune homeostasis is through cell adhesion molecules (CAM). CAMs are a family of membrane molecules involved in the extravasation of leukocytes from the blood into the inflamed mucosa through a multistep process involving sequential capturing, rolling, firm adhesion, and transmigration. P-selectin, E-selectin, ICAM-1, ICAM-2, ICAM-3, VCAM-1, PECAM-1, and MadCAM1 each have a role in the process of extravasation, and all have been found to be overexpressed in IBD patients. [2] [3] [4] [5] [6] Moreover, clinical trials investigating various CAMs as potential targets for treatment of IBD have found some of these treatments, for example vedolizumab and natalizumab, to be effective. 7, 8 Among the different CAMs, P-selectin and E-selectin, which have an early role in the extravasation process by capturing leukocytes, are overexpressed in the colonic mucosa of UC patients compared with healthy controls; expression of P-selectin, in particular, correlates with disease activity in UC. 6 Expression of ICAM-1, which participates in leukocyte adhesion, is elevated in both CD and UC. 2, 4, 6 Furthermore, ICAM-1 is more elevated in active UC than in UC in remission. 4, 6 The degree of ICAM-1 expression also seems to be proportional to the degree of inflammation in CD. 6, 9 In addition, expression of ICAM-3, which presumably functions in leukocyte extravasation, is significantly elevated in CD patients compared with healthy controls but is interestingly found in lower concentrations in UC than in CD. 6 CAM1, which helps hone lymphocytes to sites of inflammation in the gut, is more highly expressed in the venuoles of the colonic mucosa in CD than in UC. 5 Finally, higher concentrations of PECAM-1, which is involved in the transmigration of leukocytes into the mucosa, is associated with active inflammation in UC and CD, and the degree of expression correlates with disease activity in UC. 6 Interestingly, VCAM-1, which is involved in lymphocyte and monocyte-endothelial cell interactions, is found in higher concentrations in the serum, but not in the colonic mucosa, of patients with active UC compared with healthy controls. 4 One of the main goals in IBD management is to prevent relapses or, at the very least, to prolong the duration of remission before the next relapse. Identifying predictive biomarkers can help guide management decisions to reduce the risk of relapse. Although studies have evaluated the expression of various CAMs in patients with active or inactive disease, none has evaluated the predictive value of these markers for future flares. In this study, we aimed to identify CAMs in colonic biopsies of IBD patients taken during clinical remissions that are associated with an increased risk of clinical relapse.
MATERIALS AND METHODS

Study Design
From 2009 through 2011, we obtained informed consent from patients at our VA Medical Center with UC and colonic CD who had minimal or no symptoms at the time they were scheduled for clinically indicated elective colonoscopy. Disease activity was assessed before colonoscopy using the colitis activity index for patients with UC and the Crohn's disease activity index for patients with CD. Patients were eligible for participation if they had a colitis activity index <5 or a Crohn's disease activity index <150. Biopsies of the right, transverse, and left colon were taken during this colonoscopy and flash frozen in liquid nitrogen.
Patients' charts were retrospectively reviewed at 6, 12, and 24 months after their colonoscopy, and through the end of the study period to assess whether patients had relapsed or remained in remission. The patients were then divided into 2 groups based on whether they relapsed or remained in remission after the index colonoscopy.
Demographic Data
Age, sex, race, current medication regimen for IBD (at time of index colonoscopy), age at diagnosis of IBD, disease duration, and any documented medication noncompliance during the study follow-up period were recorded for each patient.
Tissue Sample Analysis
As an exploration set, RNA was extracted from the flash frozen colonic biopsies obtained at baseline from 6 patients who subsequently flared and from 6 patients who remained in remission, and the samples were evaluated for expression of 84 candidate genes using RT2 Profiler Human Tight Junction PCR Array (Qiagen; #PAHS-143ZC-12). For patients with UC, a biopsy from the left colon was used for analysis; for patients with Crohn's, the site which correlated with the area of known prior inflammation was chosen for analysis.
As a validation set, significant or close to significant candidate genes identified in the exploration set were confirmed by quantitative real-time polymerase chain reaction (qRT-PCR) in all 40 patients, along with assessment of additional genes in the same family as those identified as significant in the exploration analysis.
Relapse of IBD
The primary outcomes of interest were IBD flares within 6, 12, and 24 months of follow-up. A relapse was defined as an increase in disease activity (ie, increased number of stools, presence of blood, and/or abdominal pain) that the treating physician deemed as a relapse and that resulted in a change in the medication regimen.
Statistical Analysis
Analyses were performed using Fisher exact test for categorical variables, and the unpaired t test (normally distributed) or Mann-Whitney test (not normally distributed) for continuous variables. Numbers are expressed as mean ± SD.
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RESULTS
A total of 40 patients underwent a colonoscopy while in clinical remission and had tissue sampling performed for analysis. Among these patients, 15 (37.5%) eventually relapsed and 25 remained in remission.
Baseline Characteristics
Of the 40 patients included in the study, 35 were male and 5 were female (Table 1 ). Age at index colonoscopy ranged from 37 to 85 years with a mean of 59.2 years. After the index colonoscopy, relapses occurred in 8 patients by 6 months (20%), 9 patients by 12 months (23%), 11 patients by 24 months (28%), and 15 patients by then end of all available follow-up (37.5%).
The 2 study cohorts when divided based on documentation of relapse during the follow-up period were similar in regard to IBD type (for UC, 10 vs. 13 patients, relapse vs. remission, P = 0.36; for CD, 6 vs. 12 patients, relapse vs. remission, P = 0.18) and disease duration (15.9 vs. 19.0 y, relapse vs. remission, P = 0.01). The 2 groups differed significantly in regard to mean age at index colonoscopy (50.5 vs. 64.4 y old, relapse vs. remission, P < 0.01), BMI (34.8 vs. 29, relapse vs. remission, P = 0.002), and documented noncompliance (9 vs. 1 patients, relapse vs. remission, P = 0.002).
Analysis of Mucosal Biopsies
In the exploration set, 6 patients who subsequently flared and 6 patients who remained in remission were evaluated for RNA expression of 84 candidate genes known to modulate tight junctions. From this analysis, only PECAM-1 mRNA expression differed significantly between the groups (Fig. 1) . Other genes in the CAM family included in the array (ESAM, ICAM1, ICAM2) were not significantly altered. For validation, qRT-PCR was performed in all 40 patients to confirm altered PECAM-1 expression and candidate genes that were close to significantly altered (PZ0.05 to 0.10) shown in Figure 1 . Among these genes, PECAM-1 remained significantly elevated in patients who subsequently flared compared with those who did not (2.4-fold elevation, P = 0.012, Fig. 2) .
In addition to PECAM-1, we assessed 5 additional CAMs not included in the initial array including ICAM-3, VCAM-1, E-selectin, P-selectin, and MadCAM1 with qRT-PCR in the complete cohort of 40 patients. Of these, ICAM-3 and VCAM-1 were also significantly elevated in the patients who flared compared with those who remained in remission (ICAM-3, 1.9-fold increased, P = 0.03; VCAM-1, 1.4-fold increased, P = 0.02; Fig. 3) , whereas Eselectin (0.96-fold changed), P-selectin (0.95-fold changed), and MadCAM1 (1.06-fold changed) were not significantly changed.
Lastly, we evaluated the difference in expression of the significant CAMs (PECAM-1, ICAM-3, and VCAM-1) between the subgroups of patients with either Crohn's or UC. For patients with Crohn's, PECAM-1 was still found FIGURE 1. Fold change of significantly (P < 0.05) and close to significantly altered (PZ0.05 to 0.10) candidate genes from the exploratory analysis using the RT2 Profiler Array comparing gene expression in 6 patients who flared compared with 6 who remained in remission. *P < 0.05. to be significantly elevated in those who flared as compared with those who did not (2.5-fold increased, P = 0.03), whereas ICAM-3 and VCAM-1 were was no longer significantly altered. For patients with UC, VCAM-1 was still found to be significantly altered in those who flared (1.4-fold increase, P = 0.01), whereas ICAM-3 only trended toward significant (1.2-fold increase, P = 0.07) and PECAM-1 was no longer significant. These data, however, should be interpreted with caution as the sample sizes became very small upon subgroup analysis.
Rates of Flare Over Time
We then analyzed rates of flare over the months after the index colonoscopy, specifically by 6, 12, and 24 months, for the significantly altered CAMs: PECAM-1, ICAM-3, and VCAM-1. PECAM-1 mRNA expression was significantly higher in patients who flared than in those who remained in remission at each time point (Fig. 4A) . ICAM-3 mRNA expression was increased in patients who flared compared with those who did not flare at all time points, with the 6-and 24-month time points being significant (P = 0.029 and 0.034, respectively) and the 12-month time point being close to significance (P = 0.056). For VCAM-1, when analyzed over a time course, the values were higher for those who flared than for those who did not, but the differences did not achieve statistical significance.
DISCUSSION
Characterizing the role of CAMs in IBD might contribute to the understanding of the pathogenesis of inflammation in IBD and could offer new potential therapeutic targets to induce and maintain disease remission. Previous studies have examined the levels of various CAMs in the colonic mucosa and serum in active and inactive IBD. However, we are the first to characterize which CAMs are associated with a higher risk of relapse for patients in remission. In our study, using a group of patients in clinical remission, we found that ICAM-3, PECAM-1, and VCAM-1 expression were significantly higher in the colonic mucosa of the patients who relapsed than in those who remained in remission, whereas these groups did not differ in their expression of E-selectin, P-selectin, ICAM1, and MadCAM1.
ICAM-3 is expressed permanently on leukocytes and participates in leukocyte adhesion. 10 Currently, the role of ICAM-3 in IBD is poorly characterized. Vainer and Nielsen demonstrated that ICAM-3 concentrations in the colonic mucosa were significantly elevated in active CD compared with UC and healthy controls. 6 In contrast, Bloom et al 11 found that there was no detectable difference in ICAM-3 mRNA expression in inflamed IBD mucosa compared with noninflamed mucosa and healthy controls. In the current study, increased ICAM-3 expression was associated with a higher risk of relapse in IBD patients in clinical remission, suggesting that increased ICAM-3 expression is likely an early event leading to inflammation. Further studies are required to characterize the role of ICAM-3 in IBD and to establish that its increased expression is indeed a cause of subsequent inflammation.
PECAM-1, which is localized to the intercellular junctions of endothelial cells and the surface of human platelets, supports the transmigration of leukocytes to the site of inflammation in the colonic mucosa. 12, 13 Recent reports describe upregulation of PECAM-1 in the colonic mucosa of active IBD, and show that this upregulation is associated with disease activity. 6 PECAM-1 expression also is increased in the noninflamed tissue adjacent to inflamed tissue, further suggesting that PECAM-1 is involved in the early phases of inflammation. 14 Furthermore, immunoblockade of PECAM-1 results in significantly diminished disease activity in experimental colitis. 13 In the present study, we found that increased PECAM-1 expression is associated with a higher risk of relapse in IBD patients in clinical remission. Collectively, the data suggest that PECAM-1 upregulation may be a precondition for the development and maintenance of inflammation in IBD, and that its upregulation is predictive of future flares.
VCAM-1 is expressed uniquely on activated endothelium and plays a critical role in regulating lymphocyte and monocyte adhesion, particularly T-cell extravasation at sites of inflammation. 15 Studies have demonstrated significantly increased serum concentrations in active disease, but no significant difference in expression in the colonic tissue of patients with active IBD compared with healthy controls. 3, 4, 9 It has been suggested that VCAM-1 is involved in the homing of lymphocytes to the colonic mucosa. 16 Interestingly, in experimental colitis, chronic therapy with anti-VCAM-1 leads to a significant attenuation of disease. 17 Our current study found that increased expression of VCAM-1 in the colonic mucosa is associated with a higher risk of relapse. Thus, given the known function and the expression patterns described, VCAM-1 is likely more actively involved in chronic inflammation rather than in the acute inflammatory response in IBD. This may help to explain why natalizumab has greater efficacy in maintenance therapy than in induction therapy. 7 Finally, we found that E-selectin, P-selectin, ICAM-1, and MadCAM1 expression was not significantly greater in patients who relapsed than in those who did not. Studies have demonstrated increased expression of all 4 molecules in active IBD. [4] [5] [6] 9, 18, 19 Interestingly, E-selectin expression is absent in the colonic mucosa of quiescent disease. 3 In addition, P-selectin and ICAM-1 expression are similar in noninflamed tissue in IBD patients compared with healthy controls. 14, 18 The constellation of data suggest that Eselectin, P-selectin, ICAM-1, and MadCAM1 have active roles in the maintenance of acute inflammation in IBD, but they may not play an important role in inducing it.
Limitations of the present study include its retrospective nature in assessing the presence of flares.
Moreover, given that the study included only patients with colitis (either UC or Crohn's colitis), the results may not be applicable to patients with ileal Crohn's. Moreover, an additional limitation is that our analysis only used mRNA and no other localizing techniques, like immunohistochemistry. Future studies will utilize immunohistochemistry or immunofluorescent staining on mucosal biopsies to localize the cell type(s) in which ICAM-3, VCAM-1, and PECAM-1 expression changes occur. In contrast, strengths include a large group of patient samples for tissue analysis, with a focused approach evaluating endothelial junctional function. Our findings can form the basis for a prospective study to establish the predictive value of ICAM-3, VCAM-1, and PECAM-1 expression for patients with IBD in clinical remission.
In conclusion, we have demonstrated that increased expression of ICAM-3, VCAM-1, and PECAM-1 in the colonic mucosa of IBD patients in remission is associated with a higher risk of relapse. These findings suggest that increased expression of these CAMs might be an early event leading to inflammation in IBD. If verified by further studies, clinicians might use biopsy specimens taken during colonoscopy of IBD patients in remission for prognostic information. Furthermore, our data suggest that CAMs might be fruitful target molecules in the rapidly growing field of targeted therapy. Further studies are needed to characterize the role of these CAMs in the pathogenesis of inflammation to develop better therapies to induce and maintain remission in IBD.
